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Enteric fever (EF) is a common infectious disease worldwide, especially so in developing countries such as India and other South East Asian countries. The incidence in developed 
countries has fallen below 10/100,000 population/year, due to 
improvements in standard of living, hygiene, and safe disposal 
of waste products, whereas it is >100/100,000 population/year 
in developing countries [1]. Mortality rates due to EF and its 
complications have fallen considerably due to availability of 
effective antibiotics. Still due to a higher burden of incidence, 
significant morbidity continues to be a problem.
EF is an infectious disease caused by salmonella typhi/
paratyphi, mostly in young children. Although previous studies 
from Latin America and Africa suggested that salmonella typhi 
infection caused a mild disease in infancy and childhood [2], recent 
population-based studies suggest that the incidence is highest in 
children aged <5 years with higher rates of complications and 
hospitalizations [3-6]. Clinical manifestations are varied and 
nonspecific, and diagnosis is confirmed by isolating the organism 
from blood/urine/stool/bone marrow cultures. Blood culture is 
positive early in the disease, and urine stool cultures are positive 
late in the course of disease [6-8].
While blood culture is the gold standard for diagnosing EF, it 
is positive in only about 30-40% of the patients (lower in patients 
who have already received few doses of antibiotics) [6,9-12]. Its 
routine availability is limited to few tertiary care centers, and its 
usefulness is limited due to time period (2-3 days) needed to get 
the report from the laboratory [13]. The diagnosis based on clinical 
criteria poses problems since EF mimics many common febrile 
illnesses without localizing signs such as acute gastroenteritis, 
malaria, tuberculosis, leptospirosis, and rickettsial diseases [6].
Hence, clinicians routinely depend on antigen testing methods 
such as Widal test and Typhidot tests to confirm the diagnosis of 
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EF. These tests are not gold standard and have wide variability 
in sensitivity and specificity and hence are not recommended 
by the authorities all over the world [14]. However, due to ease 
of availability, cost factor, and need for quickly confirming the 
diagnosis, these tests are widely done in our country.
Widal test implies demonstration of four-fold rise in titers 
of antibodies in paired blood samples 7-14 days apart which is 
invariably not helpful in clinical decision-making [8,15]. The 
test done on a single, acute phase serum sample lacks sensitivity 
and/or specificity in regions where EF is endemic. Cutoff titer for 
single test should be based on the distribution of antibody levels in 
“normal population” [15-17]. The titers of “O” and “H” antibodies 
may be falsely elevated in normal population due to cross-reacting 
epitopes of other Enterobacteriaceae or other tropical infections 
such as malaria or dengue [2,16]. On the other hand, prior antibiotic 
therapy may cause titers to be falsely low [15].
Typhidot is a dot blot enzyme-linked immunosorbent 
assay (ELISA) which detects immunoglobulin M (IgM) and 
immunoglobulin G (IgG) antibodies to 50 kDa outer membrane 
protein of salmonella typhi. The detection of IgM reveals the 
early phase, whereas detection of IgG and IgM suggests a middle 
phase of EF. The modified test Typhidot-M, in which inactivation 
of IgG allows access to the IgM and hence is more specific. This 
test is positive early in EF and has sensitivity ranging from 68% 
to 95% and specificity ranging from 75% to 95% in various 
studies [6,18]. High negative predictive value (NPV) of this test 
would be useful in areas of high endemicity. Thus, this test may 
be more appropriate than Widal test in diagnosis of EF. However, 
this test may be falsely negative during the second 2nd week of 
illness due to falling levels of IgM [19].
Molecular methods using DNA probes specific to Vi antigen 
gene of salmonella typhi and polymerase chain reaction (PCR)-
based tests for detection of Salmonella typhi flagella gene are 
expensive and require highly specialized laboratory setup and 
hence are not yet practical in resource-poor settings [20].
Early diagnosis and appropriate antibiotic treatment (the right 
drug, dose, and duration) is the key to treat EF with minimal 
complications. The World Health Organization has issued no 
recommendations for typhoid rapid antibody tests [21], and 
studies evaluating the utility of these tests have reported wide 
variation regarding their sensitivity and specificity [6]. Most 
available studies are comparative studies of Typhidot test (both 
IgM and IgG) versus Widal test versus blood culture [22-25]. 
This study was undertaken to evaluate the diagnostic utility of 
Typhidot-M and Widal test in the early diagnosis of EF in terms of 
sensitivity and specificity by comparing them with blood culture 
which is the gold standard for diagnosis of EF and, as there is a 
paucity of literature along with conflicting results regarding their 
utility from our country.
METHODS
The study included 270 children in the age group of 1-18 years 
admitted to ESIC MC and PGIMSR, Department of Pediatrics 
from November 2012 to February 2014, with fever of 5 days with 
signs and symptoms suggestive of typhoid fever such as anorexia, 
vomiting, diarrhea, toxicity, abdominal pain, constipation, 
headache, jaundice, obtundation, and hepatosplenomegaly [6]. 
Children with identified cause of fever such as respiratory illness, 
malaria, diarrhea, and urinary tract infection and children with 
documented typhoid fever within the past 8 weeks were excluded 
from the study.
All children included in the study were subjected to detailed 
history and clinical examination, and the findings were recorded 
on a standardized pro forma. On the day of admission, following 
investigations were done- complete hemogram (hemoglobin, 
platelet count, and total and differential leukocyte count), 
Typhidot-M test (Typhidot-M kit, Malaysia Bio-diagnostics 
Research), Widal tube test, and blood culture. For Widal test, a titer 
of 1 in 160 or more for “O” agglutinins and a titer of 1 in 320 or 
more for “H” agglutinins were considered as positive results [17].
Typhidot-M is a dot-blot ELISA for the detection of specific 
IgM to salmonella typhi. In this test, IgG is inactivated before 
carrying out the assay as for the Typhidot. The test uses a 
nitrocellulose membrane strip dotted with the 50 KDa specific 
proteins and a control antigen. 2.5 μL of patient serum and 
controls are pre-absorbed for at least 1 min with 90 μL of IgG 
inactivation reagent. 250 μL of sample diluent is then added into 
the reaction wells and the mixture incubated at room temperature 
on a rocker platform for 20 min. The strips are washed thrice for 
a total of 5 min, and 250 μL of antihuman IgM conjugate is added 
and incubated for 15 min. The strips are washed as before, and 
250 μL of color development solution is added and incubated for 
15 min. The reaction is stopped by washing the strips in distilled 
water, and the results are read. When both the dots on the test 
strip are as dark as or darker than their corresponding dots on the 
positive control strip, they are reported as positive.
Statistical analysis was done using SPSS software version 20.0. 
Sensitivity, specificity, positive predictive value (PPV), and NPV 
were calculated.
RESULTS
Of 270 children included in the study, maximum incidence was 
seen in the age group of 11-18 year (n = 141, 52.2%), followed 
by 6-10 year (n = 98, 36%) and 1-5 year (n = 31, 11.8%). Male 
preponderance of 1.3:1 was seen (152:118).
Salmonella typhi was isolated from 82 samples (30.4%) and 
the remaining 188 (69.6%) were blood culture negative. Widal 
test was positive in 107 children (39.6%) and Typhidot-M was 
positive in 136 (50.4%). The sensitivity, specificity, PPV, and NPV 
of Widal and Typhidot-M tests are compared in Tables 1 and 2, 
respectively.
DISCUSSION
In the present study, most of the children were in the age group 
of 5-18 years. The lower incidence in pre-school children is 
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in concordance with studies from South America and other 
parts of the world which suggest that typhoid may manifest 
as a mild illness in young children [1,2,26]. However, there is 
emerging evidence from high incidence study sites such as 
South Asia that the incidence of EF in pre-school children aged 
2-5 years is in the same order of magnitude as that of school-
aged children (5-15 years) with higher rates of complications and 
hospitalization [3,4,5,27].
In our study, culture positivity among clinically suspected case 
was 30.4%. In other studies, the culture positivity varied from 6% 
to 68% [22,28-30], and in majority of the studies, the culture yield 
was around 40% [9-12]. The major reason for this lower yield is 
widespread use of antibiotics in the endemic areas and the small 
quantities of salmonella typhi (i.e., <15 organisms/ml) typically 
present in blood [24]. Although blood culture is the gold standard 
test for diagnosis of EF, its utility in early diagnosis is limited 
due to lower yield, requirement of trained personnel, and the time 
period (2-3 days) required for reporting.
The sensitivity of Widal test was 78%, specificity was 
79.3%, and PPV was 59.8% in the current study. These values 
are in concordance with studies published by Sherwal et al. [22] 
(sensitivity 74%, specificity 83%, and PPV 87.5%) and Rahman 
et al. [23] (sensitivity 81.8%, specificity 69.2%, and PPV 45.6%). 
Sharing of O & H antigen by other Salmonella serotypes and 
other members of Enterobacteriaceae makes the role of Widal 
test less specific, and hence, its use is controversial in diagnosis 
of EF [16]. It is possible that the Widal test would have performed 
better if paired sera were tested to demonstrate the rising titers. 
Patients rarely return for outpatient follow-up once treated so that 
obtaining paired sera in a routine clinical setting is unlikely, and 
hence clinicians widely rely on “positive” Widal test done on a 
single serum sample.
Typhidot-M is a new, simple, rapid diagnostic test available 
commercially, requiring less than 30 min, and minimal training. We 
found that Typhidot-M test had sensitivity of 81.7%, specificity of 
84.6%, PPV of 69.8%, and NPV of 91.4% (p < 0.001). A study by 
Gopalakrishnan et al. has reported similar results (sensitivity 82%, 
specificity 68%, PPV 57.7%, and NPV 90.1%) [9]. Comparison 
of sensitivity, specificity, PPV, and NPV for Typhidot test in 
various studies is shown in Table 3. Choo et al. have noted that 
the sensitivity and specificity of Typhidot and Typhidot-M were 
identical at 90.3% and 93.1%, respectively. In addition, they have 
reported that when used together, the sensitivity and NPV were 
higher, but at the cost of lower PPV [31]. However, this would 
increase the cost prohibitively and hence may not be feasible to 
combine these two tests in routine practice.
Sensitivity, specificity, and PPV of Typhidot-M were slightly 
higher than Widal test (Tables 1 and 2). Typhidot-M was found 
to be positive in 98% of cases who presented with <7 days fever 
among blood culture-positive cases. Thus, Typhidot-M appears to 
be useful alternative to Widal as it is more specific and useful in 
early diagnosis of EF.
Both Widal and Typhidot-M appear to correlate less 
satisfactorily with blood culture as among children with positive 
blood cultures, Typhidot-M was negative in 15 (28%) and Widal 
was negative in 18 (22%) children. Although both these tests, at 
best, can be used to “suspect” EF more strongly than on clinical 
grounds alone, it is prudent to follow them up with blood culture 
confirmation. With this caveat, Typhidot-M appears to have slight 
advantage over Widal test in that (i) results are rapidly available, 
(ii) there is possibility of using it earlier (1st week) in the course 
of the illness, and (iii) it is technically easy to perform even at the 
peripheral health-care facilities.
In a clinical review article, Bhutta ZA has commented that 
although clinical diagnosis of typhoid fever is difficult, developing 
simple algorithms to diagnose and triage EF in endemic areas 
are possible and also, has suggested that, in particular, diagnosis 
and triage of EF among febrile children must be included in the 
Integrated Management of Childhood Illness in South Asia which 
Table 1: Comparison of Widal test with blood culture
Widal test Blood culture Total
Positive Negative
Positive 64 39 107
Negative 18 149 163
Total 82 188 270
p value is<0.002. Sensitivity 78%, specificity 79.3%, positive predictive value 59.8%, 
and negative predictive value 91.4%
Table 2: Comparison of Typhidot-M with blood culture
Typhidot-M Blood culture Total
Positive Negative
Positive 67 29 96
Negative 15 159 174
Total 82 188 270
p value is<0.001. Sensitivity 81.7%, specificity 84.6%, positive predictive value 
69.8%, and negative predictive value 91.4%
Table 3: Comparative evaluation of Typhidot-M test in different studies
Studies Sensitivity (%) Specificity (%) PPV (%) NPV (%)
Narayanappa et al. [19] 92.6 37.5 48.7 88.8
Sherwal et al. [22] 92 87.5 92 NA
Gopalakrishnan et al. [9] 82 68.1 57.7 90.1
Yadav et al. [24] 90 100 100 93
Beig et al. [31] 90 100 100 92.1
Bukhari et al. [25] 93 87 NA NA
Present study 81.7 84.6 69.8 91.4
PPV: Positive predictive value, NPV: Negative predictive value, NA: Not available
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currently focuses on malaria as a cause of fever without localizing 
signs [6]. Limitations of our study were that it was a single-center 
study with relatively lower rate of culture positivity in the study 
group.
CONCLUSION
Typhidot-M appears to be a practical alternative to Widal test in 
the early detection of EF even in the resource-poor laboratories 
as it neither requires much laboratory equipment nor laboratory 
expertise to conduct the test, and it is more specific also. Although 
this test can be done within 7 days of illness, it is advisable, 
whenever feasible, to confirm the diagnosis with blood culture, 
especially with well-documented presence of multidrug-resistant 
strains of salmonella typhi worldwide.
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